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procaaa mixtures of thue waste types
simultaneously fs a signtflcfint advAn-
taga compared 10 other refWiBtian
technologies.

Although l$V (B broacjiy applicable.
there ore limits to Its uaax. Most Signifi-
cant is the rate of groundwater
recharge If the process Is to Da applied
In the aaiuralad zone. Because ISV
'nual remove water from lha &oil betore
it will heat to the melting point, lha rate
of recharge ia significant Applications
involving hydraulic conductivity at IBV-
6i6 exceeding 10-' cm/sec are consid-
srod marginal from an energy con-
sumption standpoint; that IB. iho use of
bamar walls, well point* or somo other
means to llmtt reoharge would be cost-
affective comporeo to removing water
by elecincal heating.

ISV oH-gai processing equipment
alao hsfl limits relative to the amount of
heat load ano the volume of gases it
can process. Those liiriiia are aaaoci'
ated with tha concentration of organica
and other oas-gonefatino materials thai
may be treated per unit time by tho
equipment, A rule-of-thumb organic
concentration limit ol 9 to i0 weight
percent 1« used for initial application
screening. Specific eites must be con-
sidered in detail prior to apolication.

Metals concentration llmhs are typi-
cally high relative (o the amount of metals
found In most hazardous wasio appli-
cations. General metals concentrations
In tha 5 to 16 weight percent range) are
considered procesa-blo without special
adaptations. Continuous rrioiai contact
(for example, pipeline or ra-bar) up to
95 percent of (he distance between
ooposed alectrodea also la acceptable,
With theae capaomtiBB, the proceac
may be used to treat contaminated
drums and other metal components.

Another met&i consideration te relai-
edtothaB^uy'fty^thsmetalintf.amflIt
and residual product. The reducing envi-
ronment of the typicaJ I8V malt wili pro-
duce pura metal beyond the limits ot
metal tolublllty in lha mett. Depending
on tha voiattiity of 119 mata. it may efther
svotvo from tha rwit or stay as a rnataltic
inclusion within tt Mercury IB a notable
example of a metal with tow solubility
and high vftpor preaiuro at the ISV malt
(amperatures. Baaeniiefly all mercury ie
removed (rom tna treatment 2on« dunno
proceastng ana coHaetoa In (he orf-gas
treatment tyamm. At the other extreme,
high concentrations of iron may pool
naar tha bottom of a me?t and be encap-
sulated by inB glau at that location.

ISV aiso can accommodate a signifl-
cai-il ouanttty of rubOe, aaorm or oiner in-
duBons within tftft treatment zone. Con-
crete, for example, will dehydrate, lurn
to powaer ana bocoma part of tne me.l;
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the typical canabtuanie of oorwota ve
good tfs^-forming mntfriitla. Ecch
application riBikaa to be addre«a«l En
flanii) to dstarmlne wr»thar. find WWW
what congttlona. it maytw uitaiile for
ISV proceasing.

TypicaJ remooiation projects using I8V
treatment involve:

Site characteruattori;
Traalability/pltot teating;
Remedial dangri; »
Pamirtting/conncnanca analysis w^

documentation; ;';
Site prgparation;
Equipment mobilization;
Onsfte vitrification ooeratjons:
Equipment demotafizatior:
Site restoration: and
Oeliafcng or long-term monitoring.

The oost of ihesa aobvrtJ&s to depdndent
on apedflo condtttona at the site. and
overall protect Cfltena Rnd cbtactfvea.

Costa, TraataaiUly/plot teating is u»6o
to:

• Demonstrate that tha tachnalogy Is
appJicabie to the speclfto soif/wasts
combination at the site;

• Produce contaminant-related per-
formanoa data necessaiy to suppon
permitting acnvtilaB;

• Produce operation-related parter-
mancfl data necessfiry to support coat
aalimatea and quotations; and

• Produco samptes of residual orod-
uct for use in community re'attonB of-
torta.

Treatability testing involves the per-
{ormanca of vanoua DhyatGaJ and chemi-
cal tesu on actual comamtnAied maton-
ye from (ho site. followed by enginesr-
fng^cale 15V men toeing on the mfitenala.
The cost ot (raatabillty teating is in the
range of $35.000 to $40.000. Unusual
anatytlcat raquiramants. such aa those
posed by Oioxin analyau. may in.
orease ?0 costs. Treafolllty laiting
usually can be comptafd within etgnt
to 10 wesks aitflr project Initiation.

The cost of eautpment mobillZAUon
and demobilization deoenos on trans-
port dintancs to ano from the iits. The
ctJmbineo total of lhase cows may ba ci-
ttmatad at $50.000 Rius $50 par trans-
port mite. Typtcai total mobllizatlon/oe-
mooitization costa fall in the ranga of
S100.000toS200.000.

The onsile service cost of I8V pro-
ofing usually Is In fta ranoQ cf £250 to
$350 sar ton of matertai processed.
'nis incftJdse aft exHTients ot dfrect and frid-
rect cost. such es labor, rnaterials. en-
ergy. equipmgnt amorfixation. ana con-
tractor ovarhaao and p/offl. The moat
significant vanaotoa affecting the cost in-
clude coat of ftlactncal power, amount of
watar to be removed dunng proceaaing,
ana analytical chamistfy requiromanti
associated wim proceu control and per-



percent to 40 percent. Vitrification IK the
only moans available to eliminate Slicn
void voftJine. in addition, further voiuma
reduction may be acnisved through oe-
compoiition ot solifla inm gaseous prod-
ucts (tor example. Bmeetone converts to
calcium oxiae ana care-on dioxide). vot-
urns reaucaon results f\ a aubtioenca of
the rnfr; aurtace Gfltow Bie onflinaj start-
ing graoo. Al tha completion of procws-
ing. ciea.'i bacKfill r placed over (ha re-
sidua. monolith 10 dSDina deciradi 'or
subsequent lana-use ndlds.

The t8V residual product from soil
applications *3 typicai;y about 10 limes
sironga' man unreintorced concrete.
boll in tenfiion (4.000 PSI to 8.000 psi)
and compression (30.0CO psi to 45.000
psi). It & not anactad by eilhar weVdry
cur 'reezft/thyw cyding.

Inaiv.OJSi iSV process tattings may
poaaeu a maes of 1.00() ton*. Adiacant
seicrgs fuse together tmo a singio nwi-
filith; inus Ina residual p-'oauct presents
B minimum at surface urea t*J the sur-
rounding gnwonmaM. EVBH when re-
ducflo to fine oaniat «3Cfi. me (SV r$-
siduat oroouct ea&ity pasm RPA'S £P
loxicity anta TCLP losttrig cniena, EPA
also has founa Ui« ISV 'saiouol lo have
acceoiablo 'flvei3 of Dictoxicily reiaove
t0 laar-eurtflGe tife to'm»'.

Aa with oiner monoHtNo waaia forms,

Itffl flxpactancy of tha 18V residual prod-
uct i6 drtficult to ettirnaia baaad on corn-
Oaraitvely fihort-tQfm taach tests. How-
avftf, thft (SV ruidual has tha advanteno
of being phyfticdty wi cnamically anal-
ogous to *iatur«l obsidian, a glass arid
dy^ane product ot volcanic origin that
naft Wen filudlfld 6xtansivQty for ts a^
and weathering Cfiaractari6tica. S^anbfita
bellftv that lha mean eg6 of natural
Obaioinn is 16 mliHon years1. During hy*
dration. obsidian forma a protective
rind that tintilS tunher corrosion. Unless
(hare are abusive physical p-oce&aea
degrading tha ISV residuat product
within tha environmaM. tna ISV proouct
also should wtth&tand environmental ex-
posur« for Q6o-(iQ\G lims periods (th&t
is. IhObaands to ffdHona of years,.

£QUipm6nt. The (8V process alfowa
coriaminated ffiat6ria>5 to be treated in
their Misting location. The m»tenaia
()IBO may be ooncolidated and itageo
for treatment at a deffir«d proceuing
location. The 'SV eauipmant (Ra. 3) is
fnourned on over-tno-road t/ftiiera ao
that it ts mobile. The oauipmeni 19 aa-
gignad for quick imerconnBction at the
site; typical r&aoiness urna is about ono
weak attar amvai.

Tfte pr-ma/y componeni of the eauip-
mflnt system ie the off-gas collection
and treatment system. A 55-foot aia-

meter off-gas collection hood dtfactt my
matonala evolving from lha trewnani
acw to the ott^fas tmahwn system- '?9
systgm a&ans oti gases wnh quftnchmg.
veniuh scrubbing, mist efiminaiion. hu-
midfty control, filtration and caitori aa-
sorptlon unrt p/ocesses.

The quenching and scrubbing solu-
tion is cooled by a salf-coniajned Qtycol
system, eliminating a conUnuoufi sup-
ply of onsite water. PenodiCftlty. any
containiftania cotiecteo in thu scrubber
solution, filters and/or cartxm bftd« may
be recycled to a subseouant )8V set-
ting. Only secondary wiute at the end
of tho last setting at L^e site requires
further ireatmerit or dicpoial.

Because moot of ihe gaiet thai
evolve during ISV are innocuous, oft'
Q&6 Cleanup is easi'y accomplithftd.
Also, bscauae ISV doas not involve
combustion of any fuels to attain hlfln
procassing tomoaraiurus, there is no
need to process the targe volume of
fusi combusilcn products preiiem dur-
ing ffoat incfnerauon operations. A file-
S6l-powered. backup ott-gafi trefttmeni
system is employee to allow continued
orocaaaing of off-gases IP me event of
power failure.

The iSv equipment syetifm alio in'
dudes an elactncfli power cflrtfitlonJng
capablltty. Slactric power (11 typically
IflKen from a uttlity'provided service at
either 12.5 kilovolls or i3.fe kllovottt.
The AC power is convened to 2-pna(e
ana tr&naiormea 10 4.000 volls for ir.t-
aal proces&inu.

Voltage is furtner reduced periodi"
cany ouring an iSV sailing to offset ine
increased conauclivty provided by the
growing meit. Typical soil applications
require 0.35 K.lowan hours to 0.4 kilo-
watt hours per DOuno of material
uaaleo Since the large'scftie iSv
equipment processes a nominal 10,000
pounds per hour. an el̂ cidcal service
approaching 4.000 kilowatts la nacss-
ssry. That is about as inuch power as
is consumed by an average-siza hotel
in a maJor city. Such eiectrfcal scr'/iee
is 'ead'ty fivailaoie through public utili-
ties; the needed power rnay a\to be
ciase-fleneratQcl In remole locations.

Tho llmtta. The ;SV oroceat ha» cw
Jnaar development and demonatration
Dy Bftttetle Memorial institute inca
^flflO The majority of worn performed
naa been for ine U.S. Depfinmem of En-
ergy (OOEi; f^cwever. aicniflcant worK
alao has been oone tor venouR private
and oiner governmant (fsonaora. The
15V process wae davaiDpea and dwnon-
iirar&i inrough large-scale projects, and
wasias •treaier have incujea a vana*y
of ha^aroous enemies!, radioactive ana
mxQQ (hazardous chem<cat ana faoo-
active) wastss. The ability of l8V to



iL. ^ARA manaaiflfi that EPA oh/®
^Sfc priority to '.reainwi technoto-

^«^0l9» thot offgr parmanent reme-
dies; are capabia of reducing ins toxidty,
mooilty or volume of hazardous materi-
als: &M that can bo performed onelte
ana in sttu. These criteria have proven
to be particularly challenging (n tho dif-
ficult area cif remaoifttlnfl contaminated
aoila, sludges, sediments and process
tafBnga. In Situ Vitrification (tSV) la a
uniQufl n6% technology that poten-
raiiy can satisfy ina congresslonat
mandate tor these difficult waatoa.

How ISV worka. The 1SV process
;nvotv6B /n flifu Qlcoino moiling of
coniaminfiiaa sohdbt at n^h lemDara-
I'Jres. typically in the rang* of 1.600' C
to 2,000' C. no. l illustrates the pro-
cess cycle, and Fig. 2 Em»ntt typical
proeaa& conditions.

Four electrodes ore placed to the de-
girod treatment depth. Because soil type
caily does not have tufficifini electrical
conductivity to allow proceed tnftlaoon, a
mixluro of Qraphhs and glass frit Is
placed on the suri&ce between the rtao-
trodei to servo as an initial conductive
(Starter) pom. As atectric poiantltj u ap-
plied between the elecircdei, ourrent
f'ov's through the SWer pain, headng
I ana (he adjacent soil to temperatures
above 1.600' Ci which is wfli- above
typical soil fusion tempsraluras.

Upon meittng. £0fl b^comea eleotriciufy
conductive: thug ihe motion mass be-
comes the primary conductor ainj heat-
irarufer medium Allowing ine prooess to
fiontinue Deyond startup. Joule heating
of ma molten masa occurs w tna electric
power IB pasead botwaen tile iv/o cairs
of electrodes. Healing of the mftsg 19
fiiasa oy convection currems within ihe
meit. Hsat is transferreo to tha adja-
csnt soil by conduction from the mail.

Aa the high'temoeraturo malt moves
slowly downward and outward through
(he contaminated soltds (4 to 6 tons
per hour. yielding ar Qdvanoe rate of l
inch to 2 InchGa per nc,ur), a Steeo tnor-
mai gradient (150' C to 8o0' C per
inch) precedes the melt. At appropriate
temperature regimM within this Qradt-
•nt, or within the mah itaeff. the soitds
and contamnana undsrgo pnystcaj
changes and decompo&bon reaction.

The possible diapositlons of pa'iicu-
tar contaminants resulting from IQV pro-
ceuing Includa chemical or Ehermal
deatruction. removal from the trfiatment
volume to the off-gaa treayiant sya-
fern. and chemical or phyeical inoorpo'
ration within the reaidual c'̂ duct

App t̂ton coinld«tttk»n& Mary site-
and app4icat)on-sp«clflc ••'a/iablflB affeci
tha difiposmon of specie oontamlnante.
The primary variables w^wSn physical
and chemfcat ptopertiss of conyiiii-
nants. melt eharotayy. mart t8m-
peratura. contftt^nant dwatt time *n rie
iraaimani aone, a^ac ;̂ sofi prooar-
tias. acil motau;r® centasu snci ft.i.̂ <i
of overmeiting {aon mated ̂ 'w the
limit of contamination). B^s^e of ?6
many site-Specific vanqb^a invor/eJ, it
Is nscessBly to cJrnaar oach remedl-
ation project tndivict iaJly.

PBriormflnce. Tna 15V testing fifo-
oram has indtcawi mat cen»dn Gfafsee
of contaminant* na/ b^ expsctgd to
undergo baste typus of rssoonse and
ulhmata disposition o.i.'no traatmnt.
Maatardous compound undsrgo trte
phenomenon of pyro,;stfl (ihsrmaily in-
duced decomposition o* oompe'-"Hila
into their elements, uaua'ly in thfc -a-
sence Of oxygsn). Per gx&mptfi. chton-
naied orflanics aacompose 10 caroon.
hydrogan and chlorine, and nitrates
br«ak down into nitrogen and oxygen.

Th< rev pro«w pnduaw u oto«(dlKrilkl **•

In addition to pyrolyais products. It
also Ifl pMaible that imited Quantttfea of
nighty volatile materials may evotva from
the treatment votuirie curing proca&ung.
All avotveo materials are captured (n a
collection hood ana subJacted to off'
gas treatment processes to ensure all
emissions are within regulatory limiia.

Solid media also decompow during
processing. For example, th« Inorganic
ponton of soils, which consJsta of compfex
mineral compounds, typlcaliy breaka
down into major oxide aroupe. auch aa
Silica and alumina. The 18V melt con.
^(3t8 primarily of thasa maiof oxides.
rttiicn, upon cooling, form a giBas ano
^atailine product with outstanding err
vfronmsntai expoaura oropertJea.

Inô anic Momenta that do not evolve
fpom lha nsit durinfl processing become
part c; this '•aasduBi orsduct through
physical or cnomicai ifastporaiort. Ta-
bies 1 and 2 owse^ ry&isai rBw;&i î m
the 16V deveiopman' SL-^ tefi^g oro
gram, indicating ;S3mfmar;ffle w vafcua
types of contaminarits, TaBie t Breaarns
f^anki dflstluctfon aM 'anwvsi r^aurts,
a>ld Tabis 2 present* heavy metAl reten*
tion, rani'svai ane laach leaung rgsuita.

Vofume rsductfon, j5V pracesaing
eih-ninaloa me voto vc:uma present in
paninulata ma;ena;8, W as soils, re-
sulHng fn typical voiurm rsducbona of 20



Fig. 2: Typical ISV Process Conditions
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• Joule heating between electrodes
•l,600 to 2.000*C
" fnaft rate 4-6 tone/he
• moltsn oxides and contaminants
• chomlaBlly reducing environment
• convection currant^

mit compliance, Using information on
these and other pertinant variables. ap-
pllcatkm-apwifc cost estimates may
ba davetoped.

PrOiMt •ypanilon. Battella conUn.
ues to extend the tecfinatogy to vanous
radtoactlve. ^OTJPI'S chemical and
mixod WQSta appltca'iioni of Iniorest to
DOE. DOE granted B&ttatle spectfic
rtghta to the technology in exohanga for
it6 comrnordftJIZBL'on. To eccomoush
conimarciajizailon, Battetle eatablieheo
Qeosafe Corp. (KIrkland. Wafih.) aa the
exclusive subficcnafla to provide onsite
ISV romooiation sftvlcea.

'Sv ta^ndosy '& a Dartctoani (n EPA'6
SITE program. A gpactfio sila has no!
yet been ael&clsd for the tSV domon-
suation. when EPA win avafuat«. Care 18
bfting Q^en to saacaoii of e fide thst w(ii
avati/ale as much of the tecrtnofogy's
appnicabiirty to potem.al Supsrtund mtes
as poaaib'e from a singia project

(SV d.trre.ltly Is being conaidarsd for
UGS at several Superiund and RCRA
Corrective Action ditsa wtthfn thd Unifad
States. EPA ^as seieclaO the procesa
for remaa^tion of one ^uperfuncj Re-
iviov&. Program aita Biid hvo Remedta)
f̂ o@ram sitai. Thesa sKea contain con-
taminants such a6 PCBft. dtoxin. pasti1

Cidea. merourv. ana a largs number of
other organic? and inorganics at varying
concentrotiont. In addition, ft is ex-
pac^d thBi the ISV technology wtil be
QamonatrBTBd on a targe scale at one ori-
vaie site (PCBat, ens Supartuno aila
(radium and a variety of organics). ana
two 006 altes during 1960. Two addi-

& -s'.î Pwwnt̂ --- •
^^^rtruatfM-
^.- Ixl^11^'-"?'.
&- -t̂ >fi0;..' -
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«i4fnî iaffi|rtflft̂ ^
ieEft̂ a&aMii»^̂ ^̂ ^ ^t-^^^'^-^rt^-

PWBWt '̂
KiTOVBl̂ t̂/Rwi'ft1
;•ifi9.•9"•'.M&9 -'W.^Ppffi
"W.9 '•sa.fia -.^©yepRr^
?1S;9- :-̂ .89 ..,̂ ,̂ p̂p.n̂
•W-ga 67 -"5.360 pom

6fi.6 96.6369 . ..'t65ppm . 1-K .̂ppb
^8.9 S5.ebS9 -T^Oppm '"20W)
,j9.9 8».&9% ,. .' 47 Ppm N&^^eteot

.m® ̂ ^9.8^1 •^^^^68^^^^^"=^^
U^WPu'̂ e.̂  "'89-.& ' •%.99TO7;^&ifr- /^, ^,
•::.•̂ . '^^Tttehtftfptftt^lri^J^^^fr^^aff^i^^f^ag^
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